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Introduction
Thoracic ossification of the posterior longitudinal ligament (OPLL) and ossification of the ligamentum flavum (OLF) develop insidiously over a long period of time. This condition can have devastating consequences and seriously compromise the thoracic spinal cord. The diagnosis of thoracic myelopathy is often difficult because the symptoms are very vague and similar to other lumbar disorders. Treatment therefore tends to be delayed.
Case reports
Between 2004 and 2009, four patients with compressive thoracic myelopathy caused by OPLL and OLF at the thoracic level underwent surgery in our hospital ( Table 1 ).The diagnosis of thoracic myelopathy was established by neurological examination, computed tomography, and magnetic resonance imaging. The magnetic resonance imaging scan showed that the spinal cord was compressed by OPLL and OLF at the thoracic level in all four patients (Figures 1e3). The pre-and postoperative neurological condition of each patient was evaluated using the modified Japanese Orthopaedic Association (JOA) scoring system, an 11-point scale measuring truncal sensory function, lower limb sensory and motor function, and bladder function. ( Table 2 ).
The recovery ratio was defined as: recovery ratio ¼ [(postoperative score e preoperative score)/(11 e preoperative score)] Â 100%. The outcomes were ranked as good (!50%), fair (10e49%), unchanged (0e9%), and worse (<0%).
The mean number of thoracic spinal levels affected by OPLL and OLF was 3.5 and 4.25 levels, respectively. The mean extent of thoracic laminectomies included 3.25 laminae (range 2e5 laminae). There was a reduction in the mean kyphotic angle of 6 after surgery. Preoperatively, the mean modified JOA score was 3.25/11. At the last follow-up, the mean score rose to 7.75. The mean recovery rate was 53.90%. The results were classified as good in three patients and unchanged in one patient.
All four patients developed transient paraplegia after surgery. The three patients who had posterior instrumented fusion had sensory, motor, and sphincter functional improvement over their preoperative neurological state. One patient showed no neurological gain after 7.5 years.
No patient had additional anterior decompression surgery via a thoracotomy. A small dural tear occurred in two patients due to ossification of the dura matter. The dural tears were primarily repaired. All leakages healed without complications, without prolonged leakage of cerebrospinal fluid into the drain bottles and the development of pseudomeningocele.
Discussion
The prevalence of thoracic OPLL is 0.3e0.8% in the normal population 1 and it is more common in women. 2, 3 Within the thoracic spine, OPLL is most commonly found in the upper and middle thoracic spine. 3 A large sample study 4 in China suggested that the overall prevalence of OLF within the southern Chinese population is 3.8%. Within the thoracic spine, OLF is commonly found in the lower and middle thoracic spine.
Combined thoracic OPLL and OLF can be asymptomatic, but are usually accompanied by myelopathy, with presentations of sensorimotor dysfunction in the trunk and lower extremities, and urinary disturbances. 5 The management of thoracic myelopathy due to combined OPLL and OLF is difficult. Conservative treatment is often ineffective and a gradual deterioration is seen.
Surgical intervention is also challenging both in terms of the surgical approaches and the complete removal of the thoracic OPLL and OLF. Sometimes it is technically impossible and the compromised spinal cord at the site of compression is vulnerable to damage during surgery. Dural tears are not uncommon. Furthermore, if the thoracic OLF posterior to the cord is also significantly compressing the spinal cord, anterior decompression will not be adequate even if the OPLL can be removed via a single anterior approach. Decompressive laminectomies with an excision of the thoracic OLF are not very effective due to natural kyphosis, which restricts a backward shift of the spinal cord. 6 In a Chinese study, 7 11 patients (8 men and 3 women) with thoracic myelopathy due to combined OLF and OPLL at the same thoracic level underwent posterior decompressive laminectomies and excision of the OLF. Posterior instrumentation and spinal fusion was performed in all patients. The thoracic kyphosis in the stabilization area was reduced from 30.0 AE 4.02 to 20.8 AE 2.14 on average. The mean modified JOA score improved from 3.5 AE 1.69 preoperatively to 8.5 AE 1.64 at the final follow-up, with a recovery rate of 68%.
The outcome in our series showed a lower recovery ratio (53.90%). This could be due to our small number of patients and the unsatisfactory result for our first patient with laminectomies only without instrumentation and fusion. For the three patients with additional instrumentation, an average recovery rate of 71.86% could be achieved, which is compatible with the Chinese study. 7 All four patients developed transient paraplegia after surgery. In three patients, their lower limb muscle power dropped transiently by two to three grades. The lower limb motor power, sensation, and bladder function gradually improved with time. Only the first patient showed no neurological gain after surgery; she remained wheelchair-bound at 7.5 years follow-up. There was no improvement in her truncal and lower limb numbness. She had neurogenic bowel and bladder on self-intermittent catheterisation. Her modified JOA score remained unchanged.
The thoracic spine is naturally kyphotic and decompressive laminectomies are less effective because the backward shift of the spinal cord is restricted. The thoracic cord at the site of compression has a particularly vulnerable region called the watershed area with a poor blood supply. Iatrogenic catastrophic spinal cord injuries are more common here than with surgery in other parts of the spine, and this may explain the transient paraplegia.
Yamazaki et al 8 reported a case of recurrent thoracic myelopathy 4 weeks after anterior decompression and T3eT8 laminectomy using a posterior approach. The neurological deficits were corrected by a second operation with posterior instrumented T11eL1 fusion. They proposed that kyphosis and instability were the major factors potentially affecting the severity of thoracic myelopathy.
As a consequence of the unsatisfactory outcome of our first patient, we added additional posterior instrumentation and fusion with steroid cover (preoperative and postoperative dexamethasone, 2 mg four times per day for 3 weeks) for the subsequent patients. We also found that the subsequent patients had better kyphotic angle correction and stability postoperatively with instrumentation and fusion, which might contribute to better neurological recovery compared with the preoperative state. This echoes the proposal of Yamazaki et al. 8 We did not have any hardware complications of the instrumentation nor any postoperative infection. The mean followup period was 4.5 years (range: 2.5e7.5 years). The limitation of this study was the small sample size. From our review of the literature, only case series with different modalities of treatment methods and results could be found. Further control studies may be required to confirm the benefit of these techniques.
In conclusion, combined OPLL and OLF causing compressive thoracic myelopathy is a challenging clinical problem. Decompressive multiple level laminectomies, excision of the OLF, posterior instrumentation, and fusion can give a better stability of the spine and correction of the kyphotic angle after surgery, which may contribute to a better neurological outcome. Minor difficulty in micturition 3
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